Introduction
Power transformer is one of the key equipments in power system, so its stability and reliability will play a very important role in the security of power system [1] [2] [3] . The power transformer generates winding deformation under the action of the electric power and the mechanical force because of the short circuit of the electric power transformer [4, 5] . The winding deformation include axial and radial size Change, body displacement, distortion, bulging and winding interturn short circuit etc. This is one of the major problems in the safe operation of power system [6] .
Transformer winding decoupling
Electromagnetic coupling exists among the various windings of the power transformer, and decoupling is an effective method to analyze the characteristics of the transformer windings.
To the whole transformer winding, the relationship of self inductance and mutual inductance between different phases and different voltage levels is shown in equation 1:
In order to simplify the equation and decouple the equation, the B and C phases are symmetrical to A phase. Make the block matrix: 
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By the above, take each block matrix into the original relation can be: ,,
In order to analyze the winding of the transformer, it is necessary to decoupling winding parameter for analysis, take the Karen Bauer transform:
So we can get a relationship of voltage and current without coupling between different phase and different voltage. 
Here U, I are the complex frequency domain to the function column vector. When not considering the resistance, there are:
From the above derivation we can get relationship of voltage and current of different phase does not exist the coupled equations 
This paper simulates a three-phase three winding transformer (220/110/10kV). Winding fault point is A phase winding deformation. When the winding deformation occurs, to reflect changes in the parameters in the simulation model is the equivalent winding resistance decreases and reactance increases. When the harmonic exits rich, transformer fault can be better extracted, so we put a diode after the source. Simulation voltage and current waveform before and after the fault of phase A is shown in figure1-figure4: It can be seen from the simulation that the port voltage and current waveform of the transformer after the transformer winding deformation are deformed. Both the amplitude and the phase are changed obviously. Due to the high frequency component from the diode, the change of the waveform becomes more obvious. By using the voltage and current waveform of the port and the comparison expression. The position and severity of the winding deformation can be obtained by the characteristic of the winding deformation of the winding.
Summary
In this paper, the electromagnetic coupling relationship between the low voltage winding of the high voltage winding of the transformer in different phases is analyzed. A series of derivation and simulation are carried out, and the following conclusions can be obtained.
1. A decoupling method is proposed according to the block of each phase winding. According to the relation, the current signals in each set of parameters can be corresponding to a single set of voltage signals.
2. Simulation analysis of transformer model is carried out. The simulation results show that there is a difference between the voltage and current in different winding states. It has laid a foundation for the diagnosis of transformer winding deformation and other insulation defects.
